Abstract: This study demonstrates that the advanced theoretical basis and the consequential numerical complexity do not always guarantee the success of EOS models in predicting the experimental thermodynamic property data. Although one of the best versions of SAFT, namely SAFT-VR-Mie might have doubtless advantages in predicting the data of nonspherical molecules, once again it is shown that there is a price to pay for the excessive model's complexity. In particular, the present study reveals a previously unnoticed kind of numerical pitfalls, yet generated by the chain term of the SAFT-VR-Mie EOS. A possible way of avoiding the numerical pitfall under consideration is proposed.
INTRODUCTION
Equations of State (EoS) based on the Statistical Association Fluid Theory (SAFT) present a new generation of fluid phase models offering doubtless advantages over the popular cubic equations [1] [2] [3] [4] [5] . The SAFT with attractive potentials of Variable Range and Mie's monomer hard-core potential (SAFT-VR-Mie) [6] is one of the most successful versions of SAFT due to its advantages in predicting the auxiliary properties [7] [8] [9] [10] . In addition, previously [11] it has been concluded that SAFT-VR-Mie is free of the fictitious phase equilibria numerical pitfall characteristic for several other versions of SAFT [12] [13] [14] [15] . The current study aims answering two questions:
1 Is the success of SAFT-VR-Mie achieved thanks to its advanced theoretical basis or rather the appropriate parameters fitting? 2 Is this model indeed entirely free of numerical pitfalls?
Since the expression of SAFT-VR-Mie is sophisticated, some possible printing errors have appeared in the previous publications. Therefore it seems worthwhile to provide here its brief description.
THEORY
For the non-polar compounds SAFT models present the residual Helmholtz's energy as a sum of the following contributions: 
where the packing fraction:
N Av is the Avogadro's number, m is the effective number of segments, is the Lennard-Jones's segment diameter. Both m and are the model's adjustable parameters. According to SAFT-VR-Mie [6] :
is the inter-segment interaction's dispersion energy, k is the Boltzmann's constant. k is the 3 rd model's adjustable parameter. It should be pointed out that the References [7] [8] [9] have used instead of Equation (4) the numerically calculated integral definition, a technique which is not completely clear to us. Nevertheless, it should be pointed out that since we were able to exactly reproduce all the results of the Reference [7] , implementation of Equation (4) seems justified. Moreover, the temperature dependence of has no impact on the numerical pitfall discussed below.
The SAFT-VR-Mie's dispersion contribution is given as:
where
The first perturbation term used in the previous study is given as:
1 is typically equal to 6 and 2 is the 4 th model's adjustable parameters. The second perturbation term is:
The expression corresponding to the mean attractive energy for a Sutherland-system is:
and the effective packing fraction is defined as:
while c 1 and c 2 are given by the following matrix: 
a 1 S (2 1 ) in Equation (8) 
Some confusion appears concerning the SAFT-VR-Mie's chain contribution. In particular, in the Reference [7] it is given as:
In the Reference [9] the last term of the expression above appears as:
Unfortunately, both equations (13a) and (13b) do not yield accurate modeling of data with the parameters listed in Reference [7] . However we were able to exactly reproduce the results of the Reference [7] with:
It should be pointed out that substitution Equations (6)-(12) into Equations (5) and (13) results in the particularly long and complicated expressions. In the current study the performance of SAFT-VR-Mie is compared with the much simpler version of SAFT, namely the original SAFT of Chapman et al. [16] . This version implements the same expression for A HS however:
The original Chapman's et al. [16] expressions for a 1
M
and a 2 M might be reduced to: 
and the chain term [16] is given as:
Having the expression for A res , the pressure is obtained as:
The residual heat capacities might be calculated using the following relationships:
The values of C V and C P are obtained by adding the pertinent ideal gas properties available in the literature [17] . The sound velocities, enthalpies, entropies and the virial coefficients might be evaluated with:
The calculations have been performed using the Mathematica 7 ® software (the pertinent routines can be obtained from the corresponding author by request).
RESULTS
In order to evaluate the contribution of the very sophisticated Equations (5) and (13) to the accuracy of SAFT-VR-Mie let as compare its performance with the much simpler original Chapman's et al. SAFT [16] . With the purpose of reducing the effect of the parameters fitting the following strategy is proposed:
1 The equal values of the parameters m and for both SAFTs are taken from the reference [7] . Then the nearly equal contributions of the HS terms are obtained and the deviations are originated mainly by the differences in the dispersion and the chain terms. SAFT-VR-Mie's parameters are obtained from Reference [7] . Fig. (1) depicts the pressure contributions of the different SAFT's terms (the chain contribution is yet zero) at 100 K. It should be pointed out that at different temperatures the same picture is obtained. In particular, it can be seen that the SAFT-VR-Mie's dispersion contribution is a bit smaller having only minor influence on the final result. In other words, both models predict the data in a similar manner. Moreover, it might be seen that the SAFT of Chapman et al. in spite of its simplicity is somewhat advantageous in predicting certain properties such as the vapour pressures, the high pressure and temperature isobaric heat capacities and the third virial coefficient (see Figs. 2-5) . At the same time, SAFT-VR-Mie is more accurate in predicting the liquid isochoric heat capacities. Nevertheless it should be concluded that in the current case the deep theoretical approach and the excessively complex expressions do not provide major advantage in predicting the experimental data. 
T (K)
Coexisting isohoric heat capacities more the HS contributions of both models are nearly identical and the SAFT-VR-Mie's dispersion contribution is a bit smaller. However the chain term yet yields some unexpected results. The figure demonstrates development of the previously unnoticed numerical pitfall behaviour. In particular, it might be seen that the SAFT-VR-Mie's chain term at certain temperatures might generate an additional fictitious covolume and the artificial phase instability. As a result, the model might predict the negative values of the isochoric heat capacities and the unrealistic results for sound velocities (see Figs. 8, 9 ). At the same time, outside the numerical failure region, the SAFT-VR-Mie's chain term contributes to a better estimation of data. In particular, Figs. (6-10) demonstrate its over-all advantage over the SAFT of Chapman et al. at the temperatures above ~200 K. Numerical analysis of Equation (13c) indicates that the numerical pitfall described above is caused by an artificial covolume generated by its last term and it does not seem to be related to the theoretical background of the model [22] . This numerical pitfall might easily be removed by reducing the numerical value of the last term of Equation (13c), for example as follows:
Implementation of Equation (27) instead of Equation (13c) makes the results of SAFT-VR-Mie remarkable similar to the SAFT of Chapman et al.
CONCLUSIONS
This study demonstrates that the advanced theoretical basis and the consequential numerical complexity do not always guarantee the success of EOS models in predicting the experimental thermodynamic property data. In particular, it is demonstrated that the predictive capabilities of the advanced version of SAFT, namely SAFT-VR-Mie in the case of the spherical non-polar molecules such as methane might in fact be similar to the modeling capacity of the much simpler version of SAFT, namely the SAFT of Chapman et al. Although SAFT-VR-Mie might have a doubtless advantage in predicting the data of non-spherical molecules, once again there is a price to pay for the excessive model's complexity. In particular, such complexity might result in appearance of undesired numerical pitfalls. Thus the present study reveals a previously unnoticed kind of numerical pitfalls, yet generated by the chain term of the SAFT-VR-Mie EOS. A possible way of avoiding the numerical pitfall under consideration is proposed.
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